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ARO FINAL REPORT

Introduction: r:

-Ae research program conducted over the past three years under ARO sponsorship

focused on the spectroscopic investigation of polycyclic aromatic molecules
adsorbed onto the surface of graphite. The overall aim of the investigation .
was to characterize the structural features of the adsorbed complex and to
identify the nature of the interactions which stabilize them. Our approach was
texamine a series of prototypical aromatic molecules bound to highly

oriented pyrolytic graphite by optical, magnetic resonance, and raman
spectroscopy.

Summary of Important Research Results:

Results in several areas of significance were obtained in the course of the
research program. In summary, these were:

". observance of optical and ODMR spectra of photoexcited quinoline and

quinoxaline on graphit".

'Pobservance of resonance raman scattering from chlorophyll on graphite J

4 observance of ODMR from chlorophyll on graphit ,

' ._determination of the chlorophyll geometry on the graphite surface,

52-demonstration of the feasibility of raman-detected ODMR on surfaces.

The ability to prepare and detect at the monolayer level the spectroscopic
properties of organic molecules on a surface, one of the principal goals of
the program, is clearly demonstrated in each of these research results. - -

In detail, we have shown for the first time that photoexcited triplet state
zero-field magnetic resonance transition may be observed using the raman peak
intensities to monitor the microwave induced population changes effected in
the triplet state. This approach allows a complex molecular system, such as
can occur on a metal surface in which molecules may be found at a variety of
binding sites or in aggregated domains distributed on the surface, to be
sorted out on the basis of its raman spectrum; then only the molecules of
interest identified by their characteristic raman bands are monitored for
their triplet state features. We have employed this approach to investigate
the chlorophyll-graphite system and have been able to separate monomeric and
aggregate features of the chlorophylls bound to the graphite surface.
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Of particular interest to our group has been the use of observed raman and %
ODMR spectra of the chlorophyll molecule on graphite to determine the %

orientation of the chlorin ring system relative to the binding surface. Our __-__

simulation of the ODUR results indicated that the chlorin ring sits on the F
,, surface at about a 65 degree angle. This result was initially surprising in

that the expected orientation was parallel to the surface, if the molecule was
, stabilized by pi overlap between the chlorin ring electrons and the pi-type
*: band structure of the graphite. These results indicated clearly that the

interactions stabilizing the bound molecules on a metal surface, even in the
prototype graphite system, were not simple. I
In addition to the chlorophyll ODMR experiments we sought to confirm the
orientational features on graphite by performing polarized raman experiments
with the laser field polarization fixed parallel and perpendicular to the
graphite surface. The variation of polarization ratios over the raman bands
over the totally symmetric modes made the determination of orientation angle . _
less specific than in the ODMR case, but the two results - from quit different

experimental approaches - were consistent.

In contrast to the chlorophyll case, our experiments with quinoline and
quinoxaline indicated that a preferred orientation on the graphite surface is
not maintained for all molecular systems. In fact, a series of careful
experiments to deposit the molecules under differing conditions (vapor
deposition, evaporation, spinnig droplets on the surface) indicated that
sample preparation conditions may be the dominant influence on the surface
spectroscopic properties observed from the smaller adsorbed molecules.
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